Quantum dots (QDs), tiny light-emitting particles on the nanometer scale, are emerging as a new class of fluorescent probes for cancer cell imaging and molecular profiling. In comparison with organic dyes and fluorescent proteins, QDs have unique optical and electronic properties, such as size-tunable light emission, improved signal brightness, resistance against photobleaching, and simultaneous excitation of multiple fluorescence colors. These properties are most promising for improving the sensitivity of molecular imaging and quantitative cellular analysis by one to two orders of magnitude. Recent advances have led to multifunctional nanoparticle probes that are highly bright and stable under complex biological conditions. A new structural design involves encapsulating luminescent QDs with amphiphilic block copolymers, and linking the polymer coating to tumortargeting ligands and drug-delivery functionalities. Polymer-encapsulated QDs are essentially nontoxic to cells and animals, but their long-term in vivo toxicity and degradation need more studies that are careful. Nonetheless, bioconjugated QDs have raised new possibilities for ultrasensitive and multiplexed imaging of molecular targets in living cells, animal models, and, possibly, in human patients.
INTRODUCTION
Semiconductor quantum dots (QDs) have captivated scientists and engineers during the past two decades because of their fascinating optical and electronic properties, which are not available from either isolated molecules or bulk solids. Recent research has stimulated considerable interest in developing these quantum-confined nanocrystals as fluorescent probes for biomedical applications. In comparison with organic dyes and fluorescent proteins, semiconductor QDs offer several unique advantages, such as size-and composition-tunable emission from visible to infrared wavelengths, large absorption coefficients across a wide spectral range, and very high levels of brightness and photostability (1). Because of their broad excitation profiles and narrow/symmetric emission spectra, highquality QDs are also well-suited for combinatorial optical encoding, in which multiple colors and intensities are combined to encode thousands of genes, proteins, or small-molecule compounds (2-4).
Despite their relatively large sizes (2-8 nm diameter), recent research has shown that bioconjugated QD probes behave like fluorescent proteins (4-6 nm), and do not suffer from serious binding kinetic or steric-hindrance problems (5-12). In this "mesoscopic" size range, QDs also have more surface areas and functionalities that can be used for linking to multiple diagnostic (e.g., radioisotopic or magnetic) and therapeutic (e.g., anticancer) agents. Furthermore, polymer-encapsulated QDs have been found to be essentially nontoxic to cells and animals, an essential requirement for future clinical applications. In the chapter, we briefly discuss new developments and recent applications of QD probes for cancer research. Particularly, using prostate cancer as a model system, we discuss the use of multicolor QDs for molecular profiling of clinical tissue specimens and in vivo tumor detection and imaging. For detailed information on QD fundamentals and applications, excellent review articles are available in the literature (1, 13, 14) .
PROBE DEVELOPMENT
Research in probe development has focused on synthesis, solubilization, and bioconjugation of highly luminescent and stable QDs. The particles are generally made from hundred to thousands of atoms of groups II and VI (e.g., CdSe and CdTe) or groups III and V (e.g., InP and InAs) elements. Recent advances have allowed the precise control of particle sizes, shapes (dots, rods, or tetrapods) (15-18) , as well as internal structures (core-shell, gradient alloy, or homogeneous alloy) (19) (20) (21) (22) . In particular, QDs have been synthesized using both two-element systems (binary dots) as well as threeelement systems (ternary alloy dots). Their fluorescence emission wavelength can be continuously tuned from 400 to 2000 nm by changing both the particle size and chemical composition, with fluorescence quantum yields as high as 85% at room temperature (23).
High-quality QDs are typically prepared at elevated temperatures in organic solvents, such as trioctylphosphineoxide (TOPO); trioctylphosphine (TOP), and hexadecylamine (all of which are high boiling-point solvents containing long alkyl chains). These hydrophobic organic molecules not only serve as the reaction medium, but also coordinate with unsaturated metal atoms on the QD surface to
